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FURTHER STUDIES ON MELANOCYTES AND MELANOGENESIS
IN THE HUMAN FETUS AND NEWBORN*
S. W. BECKER, Jx., M.D. AND A. A. ZIMMERMANN, DEs Sc.
This study is a continuation of previous investigations on the development of
cutaneous pigmentation in the Negro fetus (1, 2, 3). Various staining and im-
pregnation technics were applied to skin specimens of freshly aborted white and
Negro fetuses, as well as of newborn infants. Observations were made both on
sectioned material and on separated epidermal spreads. The best methods to
demonstrate the presence of melanin producing cells are 1) impregnations with
reduced silver either by Masson's ammoniated silver nitrate or by Bodian's
protargol-hydroquinone technic; 2) by means of the dopa reaction; 3) impreg-
nations with ordinary silver nitrate according to Bizzozero's or Kossa's methods
and 4) gold impregnations after treatment with lemon juice and formic acid.
The special value of these methods lies in the fact that they bring into evidence
not merely the characteristic morphology of the dendritic melanocytes but that
they concern specific physiological activities of these cells. Thus, the earliest
melanocytes in the human epidermis are best portrayed, for instance, by Masson's
ammoniated silver nitrate technic which reveals granular structures specifically
within the dendritic cells before any definitely elaborated melanin can be demon-
strated (Fig. 1). The nature of such granules is problematic; perhaps they are
best designated as propigment or "premelanin." The positive dopa reaction is
an excellent indicator for the presence of an active oxydizing enzyme, tyrosinase,
within the melanocytes. In the fetal Negro skin of the trunk regions the dendritic
melanocytes are generally dopa positive in specimens of the fourth month and
thereafter. It should be recognized, however, that the dopa technic as employed
in our studies, provides for a brief preliminary fixation with a weak formalin
solution whereby the earliest traces of an active tyrosinase probably are destroyed,
or the reaction becomes attenuated. We have evidence that faint positive dopa
reactions in the dendritic cells occur as early as the latter part of the third fetal
month.
This is in agreement with our further observation that in some areas of the
head region native melanin is already present within dendritic melanocytes
during the latter part of the third fetal month. At that time, the epithelial
fusion plate of the eyelids, the primordia of the eyelashes (cilia), the outer portion
of the external auditory meatus, areas of buccal mucosa and the base of the
dental laminae contain numerous melanin-carrying dendritic cells. Such cells
are readily identified in unstained sections as well as in routine hematoxylin-
eosin preparations (Fig. 2). Since there occurs an interval of several weeks be-
tween the appearance of melanocytes containing "premelanin" and of those
charged with fully elaborated melanin, it is probable that the first melanocytes
* From the Departments of Dermatology and of Anatomy, University of Illinois, College
of Medicine, Illinois
Received for publication March 28, 1955.
103
104 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 1. Melanoblast in the epidermis of the hand. 3.3 mos. Negro fetus. MassGn's am-
moniated silver impregnation.
FIG. 2. Melanocytes containing melanin, in the maxillary dental lamina. 3.7 mos. Negro
fetus, H and E stain.
Fin. 3. Melanoeyte with a long primary dendritic process. 5.2 mos. Negro fetus; Silver
nitrate impregnation.
FIG. 4. Distribution of melanocytes in a spread of separated epidermis. Newborn Negro,
dopa stain.
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migrate into their final locations in specific head regions early in the third fetal
month, possibly even earlier.
In the Negro fetus, skin areas of more caudal body regions reveal the earliest
formed melanin only in the latter part of the fourth month. This developmental
sequence and regional difference in the first appearance of cutaneous pigmenta-
tion seems to be related to the cephalo-caudal growth and differentiation of the
neural crest. The latter constitutes the fundamental source material of the
migratory melanoblasts, as proved by the experimental studies of DuShane
(4) in amphibia, of Rawles (5, 6) in the mouse and of Hörstadius (7).Bartelmez
and Blount (8) recently have demonstrated the formation of neural crest cells
from the primary optic vesicles in early human embryos. This optic neural
crest contributes to a sheath investing the early eye-vesicle and most likely
forms the uveal pigment. There is no evidence that these cells constitute the
primary source for the early pigmentation of the eye-lashes or of cutaneous and
mucosal epithelia of the head.
It is generally agreed that the migrating crest cells soon lose their character-
istics and become indistinguishable from the surrounding mesenchymal cells.
In human embryos and fetuses, the identification of neural crest derivatives as
migratory melanoblasts, destined to become melanocytes in the epidermis, has
not been successful so far. All our technics have failed in this respect and no one
has ever seen the immature melanocyte in the fetal dermis. The functional
maturation of these relatively undifferentiated forerunners of pigment cells
appears to occur only after they have reached the dermo-epidermal junction.
The observations by DuShane (4) in amphibia are highly suggestive, since he
recognized that the somatic ectoderm may play an important role in melanin
formation.
Recently, Danneel and Cleffmann (9) were able to demonstrate the presence
of early melanocytes (melanoblasts) in the corium of the snout region of mouse
embryos 14—15 days old. These authors used Masson's reduced silver method
and obtained convincing preparations of dendritic melanocytes which were
spread out, relatively deeply, at the dermo-hypodermal junction. In sections
1 cm long and of 8 j thickness they counted 10—20 dendritie melanoblasts which
contained no melanin as yet but whose propigment granules were blackened
with silver. At later stages of development these cells become more numerous
and form a definite cell-layer. Here and there, a few melanoblasts were observed
at the dermo-epidermal junction and it was assumed that they had ascended
from the deeper corium. Danneel and Cleffmann believe that this migratory
process occurs rapidly, which would explain why such phases are encountered
only rarely. According to these authors, embryonic skin of rats and mice is
better suited for the study of migratory melanoblasts since they become pig-
mented relatively late in man. In another publication, Danneel and Weissenfels
(10) agreed with the earlier findings of Zimmermann and Cornbleet (1) concern-
ing the first appearance of melanocytes in the human epidermis.
In the study of fetal Negro skin the long established methods of Bizzozero
and of Kossa are of value as soon as the melanocytes contain definitely elaborated
melanin granules. The argentaffine melanin granules readily reduce ordinary
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silver nitrate. Such silver impregnations can be obtained through all stages of
fetal development, from the latter part of the third or the fourth month onward
(Fig. 3). In the earlier stages, impregnations with reduced silver and the dopa
reaction give positive results, whereas Bizozero's and Kossa's technics remain
negative. The latter methods, therefore, concern the full functional activity of
the dendritic melanocytes.
We have also attempted to establish a satisfactory technic with gold im-
pregnations of fetal and newborn skin specimens. The method is of historical
interest since Langerhans (1868) was the first to apply it, in a simple form, in
his study of the adult epidermis. What he believed to be nerve cells became the
controversial "Langerhans cells or bodies." They are now generally considered
to represent melanocytes. The details of our gold impregnation technic are
reported further on.
By using the various staining or impregnation methods we were able to obtain
information on the number and distribution of melanocytes in the fetal Negro
skin. Such quantitative data, so far, have been lacking in the literature. Szabo
(11) has made cell counts of melanocytes in epidermal spreads derived from
various regions of the adult white skin. In vertical sections of Negro skin speci-
mens of the early fetal months (3rd—6th) we measured the distances between
definitely identified cell bodies of melanocytes. Dendritic processes, scattered
and extending between such cell bodies, were disregarded. It was noted that
the melanocytes tend to be grouped more numerously around the necks of
developing hair follicles. In each skin specimen we measured the intercellular
distances between 200 consecutively encountered melanocytes. In order to
avoid counting the same cell-bodies in adjacent sections of 10 thickness the
measurements were made on every third section. The results are shown in
Table I.
The skin specimens were obtained from the scapular region or from the lateral
abdominal flank. Our observations on the early pigmentary pattern at the
palpebral fusion plate and in the oral mucosa were made at a later date. Those
conditions, therefore, are not reflected in the table.
A comparison of the numerical data obtained by means of impregnations
with reduced silver (A; Masson) or with ordinary silver nitrate (B; Kossa)
reveals some significant differences. The first method brings into evidence not
only melanoblasts containing propigment granules but also the melanocytes
which carry definitely elaborated melanin. The second method gives positive
results only with melanin-containing matured melanocytes.
The table shows, first of all, that there occurs a great increase in the number
of identifiable melanocytes throughout the third fetal month as well as in the
following months. Since no mitotic figures have been observed in these early
melanocytes we have no positive evidence as to whether the rapid increase in
melanocytes is due to an influx of previously immature melanoblasts or to their
active division. There is no longer any doubt that melanocytes do multiply by
mitosis (Masson; Billingham and Medawar; Pinkus; Becker, Jr. et al.; Danneel
and Cleffmann).
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TABLE I
Mean distances between epidermal melanocytes in sections of fetal Negro skin
(Measurements between consecutively encountere1 cell-bodies in vertical skin
sections of 10 thickness)
Fetal Age,
mos.
Number of
Measurements
Mean Distance Calculated NumberTotal Measured Between Encountered I of MelanocytesDistance, Melanocytes, per mm2
A. Masson's stain with ammoniated silver nitrate
3.0 months
4.4 months
4.6 months
5.2 months
Few widely scattered melanocytes in the epidermis
200 19541 98 104
200 14897 70 169
200 11221 56 317
B. Impregnations with ordinary silver nitrate (Kossa)
5.2 months
6.5 months
7.5 months
200
200
200
18594
14436
10794
93 114
72 190
54 342
C. Dopa stain of separated epidermal spreads
Newborn Negro; direct counts of melanocytes per mm2 = 1030 (range 968—1152)
It is evident from Part A of the table that the intercellular distance between
consecutive melanocytes decreases by approximately one half from the fourth
to the fifth month. The number of their encountered cell bodies per 1 mm of
skin sections increases from 10.2 to 17.8 between 4.4 mos. and 5.2 mos. The
calculated number of melanocytes per mm2 of these specimens increases three-
fold (from 104 to 317) during this time interval.
Part B of the table shows, in addition, that at 5.2 fetal months there are 114
mature melanocytes, containing melanin, in 1 mm2 of the skin specimens. By
comparing this number with the 317 cell bodies per 1 mm2 of skin area, as re-
vealed at the same age by the Masson technic, one may conclude, therefore,
that approximately one-third of the cells have attained the mature stage of
actively producing melanin. The other two-thirds, not brought into evidence
by ordinary silver nitrate impregnation, must be considered as immature melan-
oblasts. It should be noted, however, that the cell counts represented in parts
A and B of the table were not made on skin specimens derived from strictly
identical body regions of the various fetuses. Obviously, there would be a degree
of variability in the number of melanocytes which we could not measure. The
numerical data, therefore, should be considered as relative indications of cell-
population densities rather than as absolute values.
It is only in the middle of the seventh fetal month (part B of the table) that
there are approximately as many mature melanocytes in 1 mm2 of skin as there
are immature and mature pigment cells present early in the fifth month. Our
sectioned material shows that this discrepancy lasts well into the eighth month
and probably longer.
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We conclude from these findings that the maturing process of melanoblasts
\vithin the fetal epidermis is gradual and protracted, lasting through several
months.
Accurate cell counts and observations on the distribution of melanocytes
were also made on separated epidermal spreads of a newborn Negro and of a
Negro infant 10 days old. Part C of the table gives the mean number of counted
melanocytes in 1 mm2 areas of such preparations.
Preparation and staining of separated epidermis
Small pieces of split thickness skin that had been shaved off with a razor blade were
incubated in a solution of 250 to 500 mgm of pancreatin in 100 cc of Tyrode's solution at
370 C. for 30 minutcs. Tbe epidermis was then teased from the dermis. The dermis was not
removed in some very thin specimens. The pieces of epidermis were floated upon a solution
of 100 mgm of dopa (1 3:4-dihydroxyphenylalanine) in 100 cc of phosphate buffer, pH 7.4,
for 2 to 3 hours. The specimens were then fixed in formalin and mounted routinely. All
preparations were obtained from the anterior abdominal wall.
Camera lucida projections of such epidermal spreads were made at a magnification of
150X. The exact area of 1 mm2 was likewise projected upon the field and all the readily
identifiable melanocytes within that square area were marked with a sharp pencil point.
These pencil marks were subsequently counted in several mm2 areas of separated epidermis
of the same skin specimen. The counts were checked by both authors. The range of counted
melanocytes in 5 skin areas of a newborn Negro varied between 968 and 1152 identified cells,
the mean number per mm2 being 1030. In epidermal spreads of a Negro infant 10 days old
the mean number of melanocytes per mm2 was 714, with a range of variability
in four counted fields of 617 to 814.
Possibly there is a genetic factor that determines the number of active melan-
ocytes in a given skin area of an individual. Further work on pre- and postnatal
skin specimens will be necessary before a more definite statement can be made
as to whether differences in the number of melanocytes in individuals with
different degrees of pigmentation may be present already at birth.
Our determination of the mean number of 1030 dopa-positive melanocytes
per mm2 in skin specimens of a newborn Negro is in fair agreement with similar
counts made by Szabo (11). In adult white skin he obtained mean values of
940 140 melanocytes/mm2 for the thigh and of 1200 180/mm2 for the arm.
The preparations of separated and dopa-stained epidermal spreads show
some characteristic features. The fetal melanocytes, as well as those of the new-
born are remarkably uniform in size and form. They usually have three primary
dendrites but there are fewer and shorter secondary dendrites than in adult
cells. Since the epidermal crests or rete ridges at the dermo-epidermal interface
are absent or poorly developed before birth, the melanocytes lie in a fairly
horizontal syncytium at that junction. Fig. 4 shows the strikingly uniform dis-
tribution of melanocytes in the skin of a newborn Negro.
Preparations of adult, dopa-stained epidermis, reveal well developed rete
ridges and wide "meshes" between them. Corresponding to this uneven dermo-
epidermal plane of junction the adult melanoeytes assume various shapes
according to their location. Melanocytes lying at the bottom of epidermal
crests (tips of rete ridges) tend to have two main primary dendrites, extending
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FIG. 5. Camera-lucida drawings (oil immersion lens) of a) a melanocyte in newborn
Negro skin; h) a melanocyte at the side of an epidermal crest (rete ridge); c) a fusiform
melanocyte at the tip of a rete ridge; d) a highly branched melanocyte lying between epi-
dermal crests. Types b—d are from adult separated epidermis.
in the direction of the long axis of a ridge. Those situated along the sides of the
epidermal crests appear to adapt their dendrites to penetrate the adjacent ridge.
The melanocytes located at the top of the dermal papillae—or in the open meshes
between rete ridges in detached epidermal spreads—appear flattened, richly
stellate with many short dendrites. These differences in cell-shape are relative
and there are various transitional forms (Fig. 5).
In fetal, newborn and even adult skin specimens we were unable to recognize
as definite a dimorphism of melanocytes, or as great a variation in their size
as shown by Szabo (11) for adult white skin. Such differences in size would
appear to occur after birth, since fetal melanocytes are almost identical in size.
We found no evidence of pigmented basal cells in the dopa-stained epidermal
spreads of newborn Negro skin. The darkened melanin granules were within
the melanocytes.
Gold impregnations
Gold chloride may be used to impregnate the cytoplasm of the melanocyte
(Billingham (12, 13), Becker Jr., Fitzpatrick and Montgomery (14), Medawar
(15)). This method was used to study the melanocytes in white fetuses and in
an attempt to stain the melanoblasts.
Gold impregnation with separation of the epidermis
Specimens of full thickness fetal skin measuring 5 by 10 mm were placed in a mixture
of one part pure formic acid and three parts of filtered lemon juice and left in the dark for
b.
a.
4,
C.
I —
SOp
d.
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10 to 30 minutes. The specimens were removed from this solution, blotted lightly, trans-
ferred to a 1% aqueous solution of gold chloride and returned to the dark for 10 to 30 min-
utes. The pieces of skin were again blotted, transferred to a 25% aqueous solution of formic
acid and left in the dark for 24 hours. The epidermis was gently teased from the dermis
and mounted in glycerine.
Gold impregnation for routine sections
Specimens of full thickness fetal skin measuring 3 by 5 mm were fixed in a 10% formalin
solution for one hour. They were then impregnated as above with the first two steps lasting
30 minutes. After removal from the formic acid solution, the skin was placed in Bouin's
fixative for 24 hours and embedded routinely.
FIG. 6. Melanoblast in the detached epidermis of a 6.9 mos. white fetus. Surface view
of spread. Gold chloride.
FIG. 7. Melanocytes in a vertical section of newborn white skin. Gold impregnation
FIG. S. Gold-impregnated melanocytes in a spread of separated epidermis. Negro in-
fant, 10 days old.
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Gold impregnation, unfortunately, was a complete failure in fetuses less than
6 months old. The epidermis was tightly adherent after impregnation and vertical
sections revealed that all the cells of the epidermis were impregnated with gold
to the same degree. Faulty preservation of the fetuses was ruled out by similar
treatment of fetal guinea pig skin from the sole of the feet. This tissue was
fresh and showed the same negative results. Successful staining of the melano-
cytes with gold chloride appears to depend upon the maturation of some un-
known factor in the skin at about the sixth fetal month.
Gold impregnation in the skin of fetuses older than 6 months was identical
with that seen in adult skin (Billingham (12, 13); Becker Jr. et al (14)).
Fig. 6 shows a gold impregnated melanocyte in a detached epidermal spread
of a white fetus of 6.9 mos. The cell reveals similar features, with three primary
dendrites, as that of a 3.3 months Negro fetus in Fig. 1 (Masson's reduced silver
impregnation). It corresponds to the cell type described as "non-pigmentary
melanocyte" by Billingham in adult white skin.
Gold impregnated melanocytes are likewise illustrated in Fig. 7 which repre-
sents a vertical section of the skin of a newborn white.
Fig. 8 illustrates the relative number and distribution of gold impregnated
melanocytes in a field of separated epidermis of a Negro infant 10 days old.
The distribution pattern is identical with that revealed by the dopa reaction in
a newborn Negro (Fig. 4).
CONCLUSIONS
1. In the Negro fetus, the first mature melanin granules are produced in
melanocytes of the eyelids, the external auditory meatus and in specific areas
of the oral mucosa. This occurs in the latter part of the third fetal month, ap-
proximately one month earlier than in the epidermis of the trunk regions. The
cephalo-caudal direction in the maturing process of melanocytes supports the
view that melanoblasts originate from the neural crest.
2. Attempts to stain the human melanoblasts in the dermis, before they
reached the epidermis, have failed.
3. Below the head region, there are relatively few and widely scattered imma-
ture mclanocytes in the epidermis at the third fetal month. Early in the fourth
month there are approximately 104/mm2. In the fifth fetal month the number of
melanocytes has increased to 3 16/mm2. Approximately one-third (1 14/mm2) jf
the latter are mature melanocytes containing melanin. The maturing process of
melanocytes in the epidermis is protracted. In the seventh fetal month there
are approximately as many mature melanocytes per mm2 as there were immature
pigment cells in the fifth month.
4. In epidermal spreads of newborn Negro skin there are approximately 1030
dopa positive melanocytes per mm2. This number corresponds roughly to that
determined in adult skin (Szabo).
5. Fetal melanocytes have fewer secondary dendrites and are more uniform
in shape than those of adult skin.
6. Vertical sections of late fetal Negro skin revealed pigment in the basal
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cell layer (silver impregnations). Horizontal spreads with dopa stain, however,
showed no evidence of pigmented basal cells; all the melahin granules were
within melanocytes.
7. Gold impregnations of melanocytes in white fetuses were unsuccessful
before the sixth month. Those revealed in later stages were identical with gold
impregnated melanocytes of Negro fetuses and of the newborn.
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